Access to the published version may require journal subscription. Published with permission from: Elsevier. was established by analysis of the bumblebees after the impact studies: 50 days after 32 infection. Doses of 0.5 x 10 7 and 1 x 10 7 virus particles per bee were infectious over 33 this period, for IAPV and KBV respectively, while a dose of 0.5 x 10 6 IAPV particles 34 per bee was not infectious. The impact of virus infection was studied in micro-35 colonies consisting of 5 bumblebees, one of which becomes a pseudo-queen which 36 proceeds to lay unfertilized (drone) eggs. The impact parameters studied were: the 37 establishment of a laying pseudo-queen, the timing of egg-laying, the number of 38 drones produced, the weight of these drones and worker mortality. In this setup KBV 39 infection resulted in a significant slower colony startup and offspring production, 40 while only the latter can be reported for IAPV. Neither virus increased worker 41 mortality, at the oral doses used. We recommend further studies on how these viruses 42 transmit between different pollinator species. It is also vital to understand how viral 43 prevalence can affect wild bee populations because disturbance of the natural host-44 virus association may deteriorate the already critically endangered status of many 45 bumblebee species. 
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Introduction 51
The Apoidea, encompassing different families of bees, perform a valuable pollination 52 service (Garibaldi et al., 2013) . With up to 80% of the plant species being dependent 53 on insect pollination, in particular by bees (Potts et al., 2010) . This results in an 54 estimated value of 9.5% of the total economic value of crops that are directly used for 55 human food (Gallai et al., 2009; Potts et al., 2010) . Because of a lack of 56 abundance/presence of wild bees, managed bees are used to pollinate crops (Allsopp 57 et al., 2008) . 58
Because different bee species have a similar foraging behavior (gathering pollen and 59 nectar), with overlapping flower networks, sympatric distributions and direct 60 interactions between species or their stored resources, it is very likely that they are 61 exposed to each other's parasites and pathogens. Indeed, parasite networks between 62 bee species are complex and comprise a mixture of multi-host parasites (e.g. 
Bumblebee fitness parameters 134
We used micro-colonies to quantify the effects of virus infection on colony 135 development and bumblebee fitness, as well as worker mortality. The micro-colonies 136 were established by introducing 5 newborn (maximum one day old) workers in an 137 artificial 15×15×10 cm nest box. In this set-up, one worker becomes dominant, i.e. a 138 pseudo-queen, within 2 days and starts laying unfertilized eggs that develop into 139 drones. The remaining workers take care of the brood. The number and mass of the 140 (drone) offspring is a measure of colony fitness. Colony development follows a well-141 defined pattern and timing under these controlled conditions when receiving the same 142 diet ad libitum. Development is measured by the time until the first oviposition, the 143 occurrence of the first developed larvae and the first pupae. Any deviation from this 144 pattern and timing is indicative of alterations in the reproductive capacity of the 145 pseudo-queen or in larval development. The micro-colonies were kept under 146 standardized rearing conditions, as reported above. 147 148
Virus and control extracts 149
For each extract, fifty white-eyed pupae from a healthy honeybee colony were 150 injected with previously purified IAPV or KBV and incubated at 30 o C for 4 days 151 following the protocols of the virus chapter of the BeeBook (de Miranda et al., 2013) . 152
The control extract was prepared from uninjected pupae incubated for the same length 153 of time. The pupae were homogenized in 10 mM phosphate buffer (pH 7.0) 0.02% 154 diethyl dithiocarbamate, clarified with chloroform and centrifuged at 8000g for 15 155 minutes (de Miranda et al., 2013). The particle concentration of each virus extract 156 was determined using transmission electron microscopy (TEM). Undiluted and 10-157
fold diluted viral stock solutions were analyzed at the CODA-CERVA (Uccle, 158 Belgium). They were negatively stained according to the protocol described by 
Experimental design and infection 175
There were three treatment groups in this experiment; control, IAPV infection and 176 KBV infection, each with ten micro-colonies. Five newborn workers were added to 177 each micro-colony and kept under standard rearing conditions for one day. They were 178 then deprived of pollen and sugar water for 3 hours. The starved bees were then 179 placed in a feeding box Kolmogorov-Smirnov Test, P = 0.00014). The control group had an interquartile 257 (IQR) of 1, everything lower than Q1 -1.5 x IQR = 8.8, and everything higher than Q3 258 +1.5 x IQR = 12.5 is an outlier. Based on this we saw two groups: those with 9, 10, 11 259 or 12 days until oviposition ("regular colonies") and those with oviposition starting at 260 day 13 or later ("delayed colonies"). There were 2 out of 10 colonies with delayed 261 oviposition in the control group; 4 out of 10 in the IAPV-treated group and 6 out of 10 262 in the KBV-treated group (Table 1a) . The difference between the KBV-treated 263 colonies and control colonies is significant, as determined by a χ 2 Goodness of Fit 264
Test. KBV treatment also resulted in significantly more micro-colonies with no drone 265 production at all compared to control samples; this effect did not occur for IAPV 266 treatment (Table 1b) . 267
The delay in oviposition will further influence the total number of drones produced by 268 these colonies. Therefore we only used the colonies with a "regular" oviposition time 269
(10-12 days after start-up of the experiment) to compare drone production between 270 treatments. The ANOVA indicated a significant difference in numbers of drones 271 produced between the treatments (F (2,15) = 4.127; P = 0.036). Using the post hoc 272 Tukey test, to determine which treatment caused the effect, we saw that bothtreatments (KBV and IAPV) produced fewer drones than the control colonies, with a 274 probability of 0.07 (Fig 1) . These comparisons excluded the micro-colonies with 275 delayed oviposition time, which reduces the statistical power of the comparisons. 276
When we compare all IAPV-treated micro-colonies that produce drones, irrespective 277 of oviposition time, to similar micro-colonies from the control group, than we see a 278 significant drop in drone production in IAPV-treated colonies (N = 18; Mann Whitney 279 U test: z = 17.5; P = 0.04). Furthermore, drone production in all virus-treated colonies 280 combined (i.e. both KBV and IAPV) was significantly reduced when compared with 281 the control colonies (F (1,16) = 8.828; P = 0.009) (Fig 1) . 282
The same analyses applied to drone mass for all drone-producing micro-colonies, 283 With KBV-infected bumblebees, the time until oviposition was delayed and fewer 315 colonies initiated drone production than with uninfected bumblebees. We speculate 316 that the exclusion of pollen in the first 3 days of the experiment exacerbated these 317 effects, as pathogenic effects are often context dependent, with low nutritional status 318 being an important stressor for pathogen infections (Brown et al., 2003) . In colonies 319 without delayed ovipostion, drone production was also impaired. We can thus 320 conclude that under the experimental conditions KBV infection reduces B. terrestris 321
fitness. 322
For IAPV the situation is less obvious. IAPV-infected bumblebees showed deviations 323 in time until oviposition and drone production, but these were not significant. 324
However, when we only analyze micro-colonies with drone production, we see that 325
IAPV-infected colonies produce significantly fewer drones than non-infected 326 colonies. We can therefore conclude that IAPV impacts B. terrestris fitness as well. 327
The lower virulence of IAPV in these experiments, relative to KBV, may be partly 328 due to the lower IAPV infectious dose used (half that of KBV). 329
Here we report fitness impact of KBV and IAPV, and Tables   Figure1  Click here to download high resolution image 
